TOOL FOR PRODUCING CAST COMPONENTS, METHOD FOR PRODUCING SAID 
TOOL, AND METHOD FOR PRODUCING CAST COMPONENTS 



5 The invention relates to a tool for the production of cast 
components as defined by the preamble of patent claim 1. In 
addition the invention relates to a method for the production 
of such a tool as defined by the preamble of patent claim 6 
as well as a method for the production of a cast component as 
10 defined by the preamble of patent claim 11. 

The present invention relates to the production of 
components, in particular gas turbine components, from 
nonferrous molten metals, in particular from titanium 

15 aluminum alloys, in particular from such materials with 43 to 
48% percent in weight of aluminum which form an intermetallic 
phase by a casting method. During casting, molds, so-called 
casting molds, are used wherein the casting molds have an 
interior contour which corresponds to the exterior contour of 

20 the component to be produced. In principle a distinction is 
made between casting methods which use non-permanent casting 
molds and those which use permanent casting molds. With 
casting methods which use non-permanent casting molds only 
one component can be produced with one casting mold. With 

25 casting methods which use permanent casting molds the casting 
molds can be used more than once. So-called precision casting 
among others is one of the casting methods which use non- 
permanent casting molds. Reference is made here to gravity 
casting as an example of casting methods which use permanent 

30 casting molds. The present invention relates in particular to 
the so-called precision casting. 

Precision casting uses according to the state-of -technology 
casting molds which are made of highly refractory ceramics. 
35 Production of a casting mold for precision casting roughly 
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involves a first step during which a model is provided for 
the cast component to be produced later with the casting mold 
wherein the model has a shape similar to the cast component 
to be produced but with larger dimensions allowing for the 
5 measure of shrinkage of the casting material. This model is 
also called a component wax model. As defined by the state of 
technology this component wax model is preferably coated 
several times with a slurry material as well as sanded and if 
necessary subsequently backfilled so that the casting mold is 

10 either available in the so-called compact mold or in the so- 
called shell mold after the component wax model is melted 
off. After the component wax model is melted off the thus 
created, one-piece casting mold is fired. The still molten 
metal of the cast component to be produced can then be poured 

15 into the preferably hot casting mold wherein the produced 
cast component is dismantled from the casting mold after 
hardening. The casting mold is hereby lost. 

As already stated the casting molds are made as per state of 
2 0 technology from highly refractory ceramic materials such as 
aluminum oxide, zircon oxide or yttrium oxide with additions 
of silicon dioxide. An appropriate slurry material is spread 
on a component wax model using a state -of- technology slurry 
method. However, casting molds containing additions of 

2 5 silicon dioxide are reactive and cause surface faults during 

the production of cast components from reactive nonferrous 
molten metals such as titanium alloys or also titanium 
aluminum alloys. This can cause surface faults, deviations in 
dimensions, cracks and the formation of so-called shrinkage 

3 0 cavities on the cast component to be produced. Thus the known 

state-of -technology casting molds are not suitable for 
reactive nonferrous molten metals. 

Based on this assumption, the invention here is concerned 
3 5 with the problem of creating a new type of tool for the 
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production of cast components, a method for the production of 
such a tool and a method for the production of a cast 
component . 

5 This problem can be solved in that the tool stated at the 
beginning is further developed by the features of the 
characterizing clause of patent claim 1. 

According to the invention there exists at least one area of 
10 the casting mold made of yttrium oxide, magnesium oxide and 
calcium oxide which comes into contact with the reactive 
nonferrous molten metal. 

According to an advantageous further development of the 
15 invention, the casting mold has a construction of at least 

two layers wherein a first layer forms a mold wall area which 
comes into contact with the reactive nonferrous molten metal 
and a second layer forms a backfilling stabilization area for 
the mold wall area. Both the first layer and the second layer 
2 0 consist of yttrium oxide, magnesium oxide and calcium oxide 
wherein the second layer which backfills the first layer has 
less yttrium oxide and is more coarsely grained than the 
first layer. 

25 The method provided by the invention for the production of 
such a tool is characterized by the features of the 
independent patent claim 6. The method for production of a 
cast component is defined in patent claim 11. 

30 Preferred further developments of the invention result from 
the dependent subclaims and the following description. An 
example of the invention will now be described in more detail 
based on the drawing. The drawing shows: 
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Fig. 1 A cross section of the casting mold as provided by 
the invention for a gas turbine blade together with a gas 
turbine blade produced by casting. 

5 The invention here will now be described in greater detail 
with reference to Fig. 1. Fig. 1 shows a cross section of a 
casting mold 10 together with a gas turbine blade 11 produced 
by casting wherein the gas turbine blade 11 encompasses a 
blade paddle 12 and a blade foot 13. The gas turbine blade 
10 11 produced by casting is surrounded by casting mold 10. 

The example shows the casting mold as a two- layer 
construction. A first layer 14 of the casting mold 10 forms a 
mold wall area which comes into contact with the reactive 
15 nonferrous molten metal of the cast component to be produced. 
A second layer 15 of same forms a backfill for the first 
layer 14 . 

In the sense of the invention here at least the first layer 
2 0 14 of the casting mold 10, which comes into contact with the 
reactive nonferrous molten metal of the gas turbine blade 11 
to be produced, consists of yttrium oxide, magnesium oxide 
and calcium oxide. With such a composition of the casting 
mold 10, reactions between the casting mold and the reactive 

2 5 nonferrous molten metal are avoided at least in the area of 

the first layer 14 so that deviations in dimensions and 
cracking on the cast component to be produced, namely the gas 
turbine blade 11 to be produced, are avoided. 

3 0 In the example shown here, not only the first layer 14 but 

also the second layer 15 of the casting mold 10 consists of 
yttrium oxide, magnesium oxide and calcium oxide. However, 
the second layer 15 which provides the backfilling has a 
considerably lower yttrium oxide content than the first layer 
35 14 which comes into contact with the reactive nonferrous 
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molten metal of the gas turbine blade 11 to be produced. In 
addition to this the second layer 15 is more coarsely grained 
and has thicker walls than the first layer 14. For cost and 
production reasons this is particularly advantageous. 

5 

For the production of the casting mold the invention states 
that a component wax model must be provided which has 
approximately the same geometrical dimensions as the cast 
component to be produced with the casting mold. The component 
10 wax model is coated with a slurry material wherein the slurry 
material consists of water, yttrium oxide, magnesium oxide 
and calcium oxide. 

In the example shown here, the casting mold 10 to be produced 
15 has two layers. Accordingly, in a first step of the method as 
provided by the invention for the production of the casting 
mold 10 shown in Fig. 1, the component wax model is first 
preferably coated with the slurry material in such a way that 
the first layer 14 of the casting mold is formed. 
20 Subsequently the preferably multiple- layer coating of the 

first layer 14 with the second layer 15 follows wherein the 
second layer 15 provides the backfilling for the first layer 
14. Appropriately adapted slurry materials are provided for 
the production of the first layer 14 and the second layer 15 
25 wherein both slurry materials consist of water, yttrium 

oxide, magnesium oxide and calcium oxide. However the slurry 
material for the formation of the second layer has a lower 
yttrium oxide content and is more coarsely grained than the 
slurry material for formation of the first layer 14. 

30 

As already stated, the yttrium oxide and the magnesium oxide 
prevent an undesired reaction of the nonferrous molten metal 
of the cast component to be produced with the casting mold 
10. Together with the water of the slurry material the 
3 5 magnesium oxide causes an exothermal reaction during which 
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the water is vaporized. This significantly reduces the drying 
time of layers 14 and 15 of the casting mold 10. The slurry 
material binds similarly to the way concrete binds. The 
firing temperature for the casting mold can be reduced from 
5 approx. 14 00 °C to approx. 90 0 °C wherein the casting 

temperature is also about 900°C. This makes the production of 
casting molds quick, simple and inexpensive. 

The first layer 14 which has the higher yttrium oxide content 
10 and is more finely grained has thinner walls than the second 
layer 15 which provides the backfilling. The thin first layer 
14 suppresses undesired reactions between the casting mold 
and the nonferrous molten metal. The second layer 15 gives 
sufficient mechanical strength to the casting mold and 
15 provides same with a high thermal capacity which allows the 

casting mold to cool slowly and permits a casting temperature 
of approx. 900 °C. The mechanical strength minimizes 
distortion from shrinkage and the high thermal capacity 
causes a micro-plastic ductility of the otherwise brittle 
2 0 material to be cast so that no cracks or breaks appear in the 
component . 

With the aid of the casting mold provided by the invention a 
shrinkage-cavity- free solidification of the reactive 

25 nonferrous molten metal of the cast component to be produced 
is possible. The casting mold can be filled by so-called 
centrifugal casting. Particularly when centrifugal casting is 
used it is advantageous to use molds which can be heated by 
microwave radiation or inductive coupling. Metal particles, 

30 metallic structures, in particular metal meshes, as well as 
semi -conducting and conducting nonmetals, in particular 
graphite or silicon, can be incorporated in the layer (s) of 
the mold. 
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Furthermore it is within the purpose of this invention to 
provide the casting mold 10 with a changing thickness, in 
particular in the area of the second layer 15. Fig. 1 shows 
that the second layer 15 is much thicker in the area of the 
5 blade foot 13 than in the area of the blade paddle 12 . In 
addition to this the thickness of the casting mold can also 
be varied by making the walls of the casting mold thinner at 
the top of the blade paddle 12 than in the lower area which 
is adjacent to the blade foot 13. This causes the nonferrous 
10 molten metal to solidify directionally and the solid-liquid 
interface to end in the area of the blade foot . 

The casting mold provided by the invention is particularly 
suitable for the production of gas turbine components such as 

15 blades which are made from a titanium aluminum alloy, in 
particular titanium aluminides with 43 to 48% percent in 
weight of aluminum which form intermetallic phases. For this 
a titanium aluminum molten alloy is poured into the above 
described casting mold wherein the cast component is removed 

20 from the casting mold after solidification. 
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